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© Objective lens for optical disk system and optical head using the same. 



@ A lens controls the chromatic aberration of an objective lens for practical use in an optical disk system. The 
lens has first and second aspherical surfaces each providing a positive refractive power for focusing a light 
through a transparent plate and satisfies a condition: 
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where K - focal length of the iens, dc = thickness of the transparent plate. n<: = refractive index of the 
transparent plate. X = center wavelength of the light, NA = numerical apperture of the lens, ui = local 
dispersion of the lens, and i>c local dispesion of the transparent plate. The local dispersion of each element 
is expressed by: 
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where nx is a refractive index at a center wavelength \ nm, nx + 5 a refractive index at \ + 5 nm, and nx 
5 a refractive index at X - 5 nm. 
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Objective lens for optical disk system and optical head using the same 

The present invention relates to an optical head for an optical disk such as a video disk, an audio disk, 
an optical memory disk, and the like, and more particularly to an objective lens used in the optical head. 

The objective lens used in an optical head requires correction of aberration to the diffraction limit. 
Additionally, the objective lens is desired to be small in size and light in weight so as to be capable of 
moving quickly during the tracking or focusing servo-operation. Hence, a single aspherical lens has been 
proposed as disclosed in U.S. Patents Nos. 4027952. 4449792. 4571034, and 4655555, and Japanese 
Patent Applications Laid-Open Nos. 57-76512 and 62-59912. 

The conventional objective lens for optical head has the following disadvantage. Since the laser diode 
oscillates at approximately a single wavelength, the objective lens is designed to correct for aberration in 
respect to the one wavelength. Generally, the corrected aberration of the lens to the single wavelength 
changes less even if the oscillation wavelength of the laser diode varys in the order of about 10 nm. This is 
because the focal point of the fens is kept compensated by the servo-operation of auto-focusing. 

However, in the erasable optical disk system, the power of the laser diode must be changed. For 
example, the power of 3 mW is required for reading data from the optical disk while the power of 40 to 60 
mW is needed for erasing the recorded data. When the laser power is changed, the wavelength of the laser 
diode output will often vary instantly due to a mode hop. The variation ranges 5 nm to 10 nm in general. 
Since one of the reading, recording and erasing modes is switched to another quickly, the wavelength of 
the laser diode output varies in a moment. The wavelength change caused by the power variation of the 
laser diode often exceeds the controllable range of the optical head by the auto-focusing servo system, so 
that the displacement of the focal point due to chromatic aberration of the lens cannot be compensated. 
This causes a failure of reading data just after a change in the wavelength. 

For solving such a problem, lenses corrected for chromatic aberration have been proposed in Japanese 
Patent Application Laid-Open Nos. 60-232519 and 62-217214. These lenses each consist of 4 to 5 
elements, and thus will be high in cost and require a lens barrel which is finished with high accuracy. 
Additionally, the lens itself becomes heavy in weight and energy-saving in the entire arrangement will be 
difficult. 

A primary object of the present invention is to provide an objective lens for an optical disk system and 
an optical head employing a single aspherical lens cooperative with a transparent substrate of an optical 
disk so that a displacement of focal point caused by a change in the wavelength of a laser diode can be 
kept within a practically allowable range. 

For achieving the object, an objective lens according to the present invention has opposite first and 
second aspherical surfaces each providing a positive refractive power for focusing a light to form a light 
spot through a transparent plate (transparent substrate of an optical disk) and satisfies substantially the 
following conditions: 

£l - " ^ • ^ 

where, 

ft : focal length of the lens, 
dc : thickness of the transparent plate, 
nc : refractive index of the transparent plate. 
X : center wavelength of the light 
NA : numerical of aperture of the lens, 

: local dispersion of the lens, and 
fc : local dispersion of the transparent plate. 
Supporsing, at each of the lens and the transparent plate, a refractive index at the center wavelength X by 
nx; a refractive index at a wavelength 5 nm longer than the center wavelength be nx + 5; and a refractive 
index at a wavelength 5 nm shorter than the center wavelength be nx - 5. the local dispersion (ft. or ^c) "S 
expressed by: 
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Accordingly, the local dispersion of the objective lens and the thickness and local dispersion of the 
transparent plate are selected such that the displacement of the focal point of the objective lens caused by 
a change in the wavelength of the laser beam can be kept within the depth of focus of the objective lens. 
The objective lens and the optical head using the same according to the present invention provide the 

following advantages. t> ^ ^ 

(1) The chromatic aberration which is hardly eliminated with the use of a single lens, can be reduced 
to a practically acceptable range with the combination of a single lens and an optical disk. 

(2) Since a small, light-weight, and cheap single lens is used as the objective lens, the optical head 
pan be improved in high-speed operation, energy consumption, and production cost. 

(3) The working distance can be kept at least 0.4 mm, so that collision of the lens with the lens can 
be avoided. 

(4) The transparent plate may have a thickness of at least 0.8 nnm so that dusts or injunes on the 
disk will hardly affect the signal write and read operations. 

(5) A known forming method can be employed for mass-producing the objective lens of the present 

invention at low cost. 

Rg. 1 is a schematic structural diagram showing an arrangement of an objective lens and an optical 
head representing one embodiment of the present invention: and Figs. 2 to 5 are diagrams of aberrations 
representing Examples 1 to 4. respectively, according to the present invention, wherein 1 ... laser diode: 2 
... collimator lens: 3 ... beam shaper prism: 4 ... beam splitter: 5 ... objective lens: 6 ... transparent substrate; 
7 ... recording medium layer: 8 ... protective layer: 9 ... optical disk; and 10 ... photo-detector. 

Fig. 1 is a schematic view showing the arrangement of an objective lens and an optical head 
representing one embodiment of the present invention. Light irradiated from a laser diode 1 becomes a 
parallel beam -through a collimator (ens 2. The distribuzion of light intensity of the light irradiated from the 
^° laser diode 1 is in an elliptical form, which is converted by a beam shaper prism 3 to an approximately 
circular shabe. The parallel beam Is i-eflected by a beam splitter 4 and enters an objective lens 5 to form a 
light spot on a surface of a recording medium layer 7 through a transparent substrate 6 of an optical disk 
10. The recording medium layer 7 is protected by a protective layer 8. The light reflected by the surtace of 
the recording medium layer 7 returns to the objective iens 5 and is fed to a photo-detector 9 through the 
beam splitter 4. 

It is designated herein that the designed wavelength for the objective lens is 800 nm equal to the 
oscillation wavelength of the laser diode. Assuming that a change In the wavelength due to a mode hop of 
the laser diode is within iO nm at maximum, the local dispersion of each optical element within a range of 
z5 nm from the center wavelength of 800 nm is defined as: 
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where n is the refractive index and its accompanying numeral represents a given wavelength (denoted in 
nm). For example, in the case of a glass material whose refractive index to the d-line is 1.51633 and whose 
dispersion is 64.1. y = 2600 is obtained from n^oo = 1.51032. n79s = 1.51042, and nsos = 1.51022. 
so ' When the focal length of the objective lens is fu and the local dispersion is cl, the variation Aft of the 
lens focal length due to a 10 nm change of the wavelength is: 



^^L = •-• 
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In the optical disk system, the laser beam is focused to form a light spot on a back surface of the 
transparent substrate having a thickness of several millimeters. Accordingly, the transparent substrate 
formed of a parallel planar plate is regarded as a part of the optical system. Suppose that the transparent 
substrate has a thickness dc, a refractive index nc, and a local dispersion ^c- Since the transparent substrate 
is a parallel planar plate, it does not change the focal length of the objective lens, but it changes the focai 
point due to the positional change of the principal point. The focal point displacement s is expressed as: 
s - dc (1 • 1/ne) (5) 

Then, if the refractive index changes by nc. the variation s of the focai point is: 



c c 



... (6) 



While the local dispersion ^ of the transparent substrate is: 



(7) 
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Thus, the variation s of the focal point due to a change of the refractive index is determined by: 
" As = - 1 . ... (8) 

30 

Accordingly, from the equations (4) and (8), the variation g of the focal point in relation to the effects of 
both the iens and the transparent substrate, is: 

= £l - - ^ • ^ 
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The depth of focus of the lens is expressed by: 



where p is a constant determined by the distribution of light quantity, approximately 0.4 in uniform 
distribution. The focai point must be within the focal depth for recording, erasing, and playing back of data 
in the optical disk system. However, defocus would occur in practice due to electrical characteristics of the 
focus servo system in addition to the variation of the focai point resulting from a change in the wavelength. 
It is thus be determined that the displacement of the focal point caused by a change in the wavelength 
should be less than the focal depth. The focai point can be kept within the focal depth even when the 
wavelength varies in the range of 10 nm if the following condition is satisfied:. 
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When the focai length fu of the objective lens is reduced or the thickness dc of the transparent substrate 
is increased in the formufa (10), the displacement of the focal point becomes smaller. This results in a 
decrease in the working distance be of the lens, i.e., the air gap between the lens and the transparent 
substrate. The narrow working distance may cause the objective lens to collide with the transparent 
5 substrate, resulting in damages of the both. It is good practice to keep the working distance bi of at least 
0.4 mm between the objective lens and the transparent substrate. 

Although the working distance can be increased by decreasing the thickness dc of the transparent 
substrate, the excessively thin transparent substrate may cause effects of dusts or flaws on the disk on the 
light spot causing error in writing or reading of the data. Hence, the thickness dc of the transparent 
10 substrate may preferably at least 0.8 mnn. 

In the following Examples, the asphericai shape is expressed as: 

( j) ^ 2i 

X = Ch^ + 2 ^ 

1 ^ 7l - (l+K.)C^h2 i=2 
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where, 

X : distance between a point on the asphericai surface spaced h from the opticaJ axis and a tangential plane 
to the vertex of the asphericai surface, 
h : height from the optical axis, 

C : curvature at the vertex of the asphericai surface (= VR). 
K| : conic constant of a j-th surface, 

A2i: 2i-th order asphericai coefficient of the j-th surface (in which i is an integer of 2 or more) . 

fL : focal length of the lens, 

dt : thickness of the lens, 

Rj : radius cur/ature of the ]-th surface. 

nt : refractive index of the lens at a wavelength of 800 nm, 

: local dispersion of the lens, 
dc : thickness of the transparent substrate, 

nc : refractive index of the transparent substrate at a wavelength of 800 nm. , 

NA : numerical aperture of the lens. 

bt : distance between the lens and the transparent substrate, and 

At : displacement of the focai point at a wavelength ranging from .795 nm to 805 nm. 

Figs. 2 to 5 illustrate aberrations in Examples 1 to 4. respectively. Throughout Figs. 2 to 5. (a) 
represents spherical aberration; (b) sine condition; (c) astigmatism; and (d). (e) and (f) coma aberration. As 
shown in the diaaram of spherical aberration, the solid line represents aberration at a wavelength of 795 nm 
while the dotted line represents aberration at 805 nm. Similarly in the diagram of astigmatism, the solid line 
represents sadittai curvature of field while the dotted line represents meridional curvature of field. In the 
diaarams of coma aberration, the solid line represents meridional coma aberration, the dotted line 
represents sagittal coma aberration, and the one-dot chain line represents valleculate aberration. 
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Example 1 




fu - 3.5 


bt = 1.2504 


dt = 1.80 


NA = 0.50 


nL = 1.43084 


= 3900 


Ri = 2.050 


R2 = -4.195 


K, = -.5453524 


K2 = -.6088752 X 10^ 


A4.<^'= -.7050449 x lO-^ 


A4t2>= .7675075 x lO'^ 


A6i^»= -.3878262 x lO'^ 


Asf2)= -.2239316 x 10-2 


A8<''= .1043915 X 10^3 


A8^2*= .3860439 x lO^^ 


Aiof^»= -.1152889 X 10-3 


A, 0^2)= .8900087 X lO""* 


dc = 2.0 


= 2580 


He = 1.51032 


A, = 0.000601 
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Example 2 




fL = 4.0 

dt = 2.20 

Dl = 1.48581 

R, = 2.380 

Ki = -.7578067 X 10"^ 

A*^^= -.30o2d1o X lu 

A«<'>= -.2759916 x IQ-^ 

A8<'^= .3921291 X 10-* 

Aio<^)= -.1444792 X 10""* 

dc = 2.4 

He = 1.82361 


bt = 1.4752 

NA = 0.50 

yi = 2780 

R2 = -7.384 

K2 = .1375783 x 10^ 

Ae^2)= -.1105545 x 10-^ 
Agfa's .4746900 x IQ-^ 
Aio^^^= .8963654 X 10"^ 
vc = 1250 
A, = 0,000752 




Example 3' 




fu = 4.0 

dt = 2.00 

riL = 1.43084 

Ri = 2.250 

Ki = -.3422186 

A4<^>= -.2755220 x 10-2 

A6^'^= -.5986182 X 10^3 

A8<'>= .1 178607 x 10-* 

Aiof'^= -.6066795 X 10"* 

dc = 1.2 

He = 1.57153 


bL = 2.1658 

NA = 0.50 

^'L = 3900 

R2 = -5.392 

K2 = -.5206780 x 10^ 

A4<2>= .6712725 x 10-2 

As^^is ..1 140618 X 10-2 

Aa<2i= -.2540221 x IQ-^ 

A,o^^''= .3876677 X 10"* 

vc = 1730 

At = 0.000734 




Example 4 




ft = 4.0 

dL = 3.00 

Hl = 1.45228 

Ri = 2.320 

Ki = -.2385723 

Al^'^= -.2728734 x 10*2 

A6^''= -.3412453 X lO'^ 

Agt^>= .2774987 x IQ-^ 

A,cO>= -.1177334 X 10-* 

dc = 1.4 

He = 1.67405 


bL = 1.5529 

NA = 0.50 

^L = 3770 

R2 = -4.907 

K2 = -.1163513 X 102 

A.f2)= .8177931 X 10-^ 

A6<2)=: -.9948354 X 10-^ 

A8<2)= -.3751862 x 10"* 

Aic^^^= .5885132 X 10-* 

= 1540 
At = 0.000638 



The equation (9) is an approximate equation without consideration of the thickness of the lens. In each 
Example, the displacement At of the focal point between the wavelengths of 795 nm and 805 nm is a value 
calculated with consideration of the lens thickness. Generally, the displacement of the focal point is smaller 
when calculated with consideration of the thickness of the lens than without consideration. Thus, the 
equation (9) is practical. 

The chromatic aberration of the collimator lens also affects the focal point of the objective lens. 
However, it is general that NA of a collimator lens is less than that of an objective tens. For example, if NA 
of the objective lens is 0.5 and NA of the collimator lens is 0.25, the objective lens will be involved with 1/4 
of the chromatic aberration of the collimator lens. The collimator lens is commonly used in fixed state 
during both the servo-operations of focusing and tracking and will thus be less considered in weight. 
Accordingly, the collimator lens can be constituted by plural elements to act in combination as an 
achromatic lens. 
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Claims 

1. An objective lens for an optica) disk system, having opposite first and second aspherical surfaces 
each providing a positive refractive power for focusing a light to form a light spot through a transparent 
plate, and satisfying substantially the following condition: 



10 



where, 

fL: focal length of the lens, 
,5 dc^ thickness of the transparent plate, 

nc: refractive index of the transparent plate. 
X : center wavelength of the light 
NA: numerical appertures of the lens, 
v^: local dispersion of the !ens» and 

local dispersion of the transparent plate, the local dispersion being expressed by: 
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where nj, is a refractive index at a center wavelength X of the light, nx + 5 is a refractive index at a 
wavelength 5 nm longer than the center wavelength of the light, and nx-S is a refractive index at a 
wavelength 5 nm shorter than the center wavelength of the light. 

2. An objective lens as defined in Claim 1 . wherein a distance between the lens and the transparent 
plate is at least 0.7 mm. 

3. An objective lens as defined in Claim i , wherein the thickness of the transparent plate is at least 0.8 
mm. 

4 An optical head comprising: an objective lens for focusing a light from a light source on an 
3S information recording medium; light separator means for separating a light reflected from the information 
recording medium and passed through the objective lens from the light from the light source; and photo- 
detecting means for detecting the separated reflected light, the objective lens having opposite first and 
second asohericai surfaces each providing a positive refraction for forming focusing the light through a 
transparent substrate of the recording medium and satisfying substantially the following condition: 
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where, 

ft: focal length of the lens, 
dc: thickness of the transparent substrate, 
5^ Hci refractive index of the transparent substrate, 
X : center wavelength of the light. 
NA: numerical of appertures of the lens, 
i^C local dispersion of the lens, and 

ir^: local dispersion of the transparent substrate, the local dispersion being expressed by: 

55 
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where nx is a refractive index at a center wavelength X of the light, nx + 5 is a refractive index at a 
wavelength 5 nm longer than the center wavelength of the light, and nx-5 «s a refractive index at a 
wavelength 5 nm shorter than the center wavelength of the light. 

5. An optical head as defined in Claim 4, wherein a distance between the objective lens and the 
transparent substrate is at least 0.7 mm. 

6. An optical head as defined in Claim 4. wherein the thickness of the transparent substrate is at least 
0.8 mm. 

7. An optical head as defined in Claim 4. further comprising a collimator means for arranging the light 
irradiated from the light source into a parallel light 



8 



EP 0 341 868 A2 






Q.O 



T O.OQl 



-hO 



i -0.001 



EF 0 341 368 A2 





tif U 341 868 A2 



NA 0.5 





(C) 



0.05 



-0.OOI 0.0 0.001 -0.001 OjO 0.00Z -0.001 0.0 o.oot 



0.05 I — ^=r 



- \.o 



0.025 



-1.0 



0.001 




o.oot 



1- -o.oot 




1.0 



If) 



T 0-00/ 



0.0 H 

-\.o 



t.O 



■I- -o.oot 



EP 0 341 868 A2 



5 

a) 



V 
i 



ib) 



{ 



(C) 



0.0 s 



-COOl 0.O 0.00t 'O.OOZ 0.0 0.0OZ -O.OOt 0.0 0.001 



id.) 



0.0S ^- 
-t.o 



T 0.001 



■O-OOl 



1.0 



O.OOt 



0.025 • '^^ 

- f.O 



1 



-0.001 



t.O 



(J) 

0.0 



1 



0.00 i 



® 



J 



Europatsches Patentamt 
European Patent Office 
Office europe n des brevets 




(ij) Publication number: 



0 341 868 A3 



© 



EUROPEAN PATENT APPLICATION 



® Application number: 89304263.0 
(g) Date of filing: 27.04.89 



® Int. CI.5: G02B 13/00, G1 1 B 7/12 



® Priority: 13.05.88 JP 117321/88 

@ Date of publication of application: 
15.11.89 Bulletin 89/46 

(S) Designated Contracting States: 
DE FR GB NL 

(S) Date of deferred publication of the search report: 
08.05.91 Bulletin 91/19 



0 Applicant: MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
1006, Oaza Kadoma 
Kadoma-shI, Osaka-fu, 571 (JP) 

(g) Inventor: Tanaka, Yasuhiro 

5- 303-go, 2-ban, Niihama-cyo 
Ashiya-shI Hyogo-keni 659(JP) 
Inventor: Sunohara, Masaaki 
10-17, Hiraki-cyo 

Nishinomiya-shi Hyogo-ken, 662(JP) 
Inventor: Nakajima, Yasuo 

6- 8-19, Minamikasugaoka 
Ibaraki-shi Osaka-fu, 567(JP) 
Inventor: Tanaka, Shinichi 

10-1-C-403, Fukakusahotta-cyo Fushlmi-ku 
Kyoto-Shi Kyoto-fu, 612(JP) 

© Representative: Crawford, Andrew Birkby et at 
A.A. THORNTON & CO. Northumberland 
House 303-306 High Holborn 
London WC1V 7LE(GB) 



CO 
< 

00 
CO 
00 



CO 



® Objective lens for optical disk system and optical head using the same, 



® A lens controls the chromatic aberration of an 
objective lens for practical use in an optical disk 
system. The lens has first and second aspherical 
surfaces each providing a positive refractive power 
for focusing a light through a transparent plate and 
satisfies a condition: 



transparent plate. The local dispersion of each ele- 
ment is expressed by: 



V = 



n. +5 - 



where nx is a refractive index at a center wavelength 
X nm. nx + 5 a refractive index at K + 5 nm, and n^ 
- 5 a refractive index at X - 5 nm. 



where ft = focal length of the lens, dc = thickness 
of the transparent plate, nc = refractive index of the 
transparent plate, X = center wavelength of the light. 
NA = numerical apperture of the lens, i^i = local 
dispersion of the lens, and vc 'ocal dispesion of the 
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